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DEPARTMENT OF HEALTH & HUMAN SERVICES 
Public Health Service 
Food and Drug Administration 
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3 
ll(lemorandum 

Date 

From Acting Division Director, Division of Standards and Labeling Regulations, Office of 
Nutritional Products, Labeling and Dietary Supplements, HFS-820 

Subject 75Dau Premarket Notification for New Dietary Ingredients 

To Dockets Management Branch, HFA-305 

New Dietary Ingredient: 

’ 

Huperzine A 

Firm: 
Date Received by FDA 
90-Day Date: 

NOW 
May 23,200O 
August 20,200O 

In accordance with the requirements of section 413(a) of the Federal Food, Drug, and 

Cosmetic Act, The attached 7%day premarket notification for the aftermentioned 

new dietary ingredient should be placed on public display in docket number 

95S-03 16 after August 20,200O 

. 
,. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 

Public Health Service 

JuN302alo 

Food and Drug Administration 
Washington, DC 20204 

Al Powers 
Vice President 
NOW Foods 
395 S. Glenn Ellyn Road 
Bloomingdale, Illinois 60 108 

Dear Mr. Powers: 

This is to notify you that your submission pursuant to section 413(a)(2) of the Federal 

Food, Drug, and Cosmetic Act dated April 26,2000, concerning the marketing of a 

substance that you assert is a new dietary ingredient (i.e., Huperzine A) was received by 

the Food and Drug Administration on May 23,200O. Your submission will be kept 

confidential for 90 days from the date of receipt, and after August 20,2000, your 

submission will be placed on public display at Dockets Management Branch 

(Docket No. 953-03 16). Commercial and confidential information in the notification 

will not be made available to the public. 

Please contact us if you have any questions concerning this matter. 

Sincerely yours, 

Felicia B. Satchel1 
(Acting) Division Director 
Division of Standards 

and. Labeling Regulations 
Office of Nutritional Products, Labeling 

and Dietary Supplements 



3 The Future in Natural Foods 

Office of Special Nutritionals (HFS-450) 
Center for Food Safety and Applied Nutrition 
Food and Drug Admihstr@o~- 
200 c street SW 
Washington, DC 20204 

BE: Notification of a New Dietary Ingredient 

Dear Sir/Madam, 

In compliance with the Diet&y Supplement Health and Education Act of 1994, NOW Foods h&by makes 
its Notification of a New Dietary Ingredient, Hupetie A Enclosed are two (2) copi& of thk Notification. 

1. Name and Address of the Manufacturer 
NOW Foods 
395 S. Glen Ellyn Rd. 
Bloomingdale, IL 60108 USA 

2. Name of the new Dietary Ingredient 
Hupenine A 

3. Description df the Dietary Supplement containing the new Dietary Ingredient 
Dietary supplement Brain Elevate contains Huperzine A, an alkaloid compound 
extracted from the herb Huperzia serrata present in a vegetable capsule form. 

(a) The level of the new dietary ingredient is: 
25mcg per vegetable capsule 

o>) The conditions of use suggested on the label are: 
Suggested use: As a dietary supplement, take 1 VcapTM 1 to 2 times daily. 
Do not exceed dosage without the advice of a physician. 

Enclosed please find documentation that establishes this dietary ingredient, Huperzine A, when used under 
the conditions suggested on the label, will reasonably be expected to be safe. This documentation includes 
a Certificate of Analysis, toxicity information, review articles and efficacy studies. 

An original and two copies of this notice are being filed. Pursuant to 2 1 CFR 190.6(c), please confirm your 
receipt of this notice. 

Thank you for your time and attention to this matter. If you have any questions or comments, please do not 
hesitate to contact the undersigned. 

Sincerely, 

Enclosure Al Powers 
Vice President 

395 S. GLEN ELLYN ROAD l BLOOMINGDALE, ILLINOIS 60108 l 630/545-9098 l FAX 630/545-0117 
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Item # 52400 
Product Class: 995 

roduct Name: Huperzine A Powder-- 0.1% trituration on CaCO3 
,. 

Description: Huperzine A [(-)-HupA] is a natural compound isolated in an extract ofthe club moss, Huperzia serrata, 
(also known as Lycopodium serratum Thumb) which grows at high elevations and in cold climates. It is a Chinese folk 
medicine, called Qian Ceng Ta and has been used for centuries traditionally to treat fever and inflammation, and 
recently to improve memory, focus and concentration and helps alleviate memory problems among the elderly. Reports 
Erom China, where it is used as a treatme&., indicate that Huperzine A is safe and effective. It has other properties such 
as protecting nerve cells from toxic substances including nerve gas poisons, and G-om damage produced by strokes and 
epilepsy. Huperzia extract contains a wide variety of alkaloids, including lycodoline, lycoclavine, and serratinine, as 
well as the huperzines. Based on the laboratory studies some researchers believe that Huperzine A- a Lycopodium 
alkaloid may be more effective as a treatment of Alzheimer’s disease. Scientific research has shown Huperzine A to be 
potent, selective and reversible inhibitor of AChE (Acetylcholinesterase) - the enzyme that breaks down acetylcholine-a 
neuro&msmitter, with longer duration of action and minimal side effects. In other words Huperzine A has a $uperior 
safizty and efficacy profile compared to other cholinesterase inhibitors. The chemical Fe of HupA is: (5R, 9R, 1 lE)- 
S-amino-l I-ethylidene-5,6,9, I0-tetrahydro-7-methyI-5,9-methanocycloocteno~]pyridin-2 (iH)-one. Molecular 
weight is 242.32, (C1J-118N20) werck Index # 4791). Natural Huperzine A is 3 times more potent than the synthetic 
forms, which is raccmic mtire with ! : 1 ratio of (-)-HupA, the natural existing compound, and (+)-HupA (38 fold less 
potent by itself). Other components like Huperzine B, found in the herb has been suggested to be beneficial as well. 
NOW Huperzine A is standardized to 0.1% trituration on Calcium Carbonate. 

Vendor(s): Wilke Resources 

Quantity: pending per drum/case 

Vendor’s Code: N/A 

Color/Appearance: A White or slight yellow crystalline fize flowing needle-like crystalline powder. 

Taste/Odor: slight bitter taste, no odor 

Mesh Size: NLT 100% through # 80 US Standard sieve, NLT 95% through #lOO US Standard sieve. 

Powder Density: Tap (Pack): 0.779 - 0.86 lg/ml Untap (LoostYBuLk): 0.437 - 0.483gM 

Assay: 98.0%- 102.0% purified HupA from extract (Standardized to NLT 0.1% trituration on Calcium Carbonate) 

Specific Gravity (@ 25”C, w/w): N/A Optical rotation ([a)~ @24.!?‘C): -150.4” (c=O,498 in MeOH) 

pH: ‘pending UV Absorbance (I,,,,& 23 lnm, 3 13nm (ethanol) 

Refractive Index (@ ZO’C, nu): N/A Melting point: 227 - 23 1°C (also reported at 2 14-2 15°C) 

Flash point (Open/Closed cup): N/A Infrared Adsorption: % at - (pending) 

Freezing point (10% aqu. Soln., w/w): N/A (solid) Boiling point (@ 76Omm Hg): N/A (solid) 

Solubility : water= pending Atwhol: pending Acetone: pending Other: pending 

Pafzelof2 



Solvent Used: For Extraction: pending 
Solvent Residue: pending 
Steriliiation Method: N/Av 

For Wash: N/A 
Sterilization Residue: pending 
Processing: Bceoching: N/A 

Product Class: 995 

Bromuting: N/A 

Ash (Residue on Ignition): pending Moisture (Loss on drying)): NMT 5.0% 

Ezpiration Date (from time of Mfg.)/ Shelf Life: (pending) Chemical stability of HupA is excellent. It is resistant to 
structural changes at different temperatures when placed in acidic or alkaline solutions, thus indicating that HupA will 
persist longer in the body, and that tablets or capsules will have a longer shelf life. The terminal half-life of Hup A is 4.8 
hours. Test Methodfor She&Life= pending 

Storage: Store in a cool, dry, and dark environment in a tightly sealed original container. 
Temperature for Storage: pending Moisture Free: Y (very hygroscopic material) Low Oxygen: pending 

Mazimum Inventory Storage (Weeks): 
Room Temperature: Pending Refrigeration: Pending Freezer: Pending 

Retail Storage Temperature: Temp. pending 

Packaging - Special Requirements (Inserts): 4 x 402 Desiccants for bulk. Incompatible with strong oxidizing agents. 

Specifications- Inswedients by Reference Number, Weight per level teaspoon: 
Ref. Weight/ Tspn Ingredients 
52400 2250-2300mg/tspn Huperzine A0 (0.1% trituration on CaC03) powder (Wilke Resources) 

Impurities (maximum permitted levels): 
Chemical By-Product.4Deteriora.tion Products: Not Known Pesticides: None Alkaloid Impurities: Absent 

Microbiological / Heavy Metals: Standard Plate Count: < 100,000/g; Yeast and Molds: < 2,000/g; Coliform: < 300/g; 
E. coli & Salmonella: Negative 
Heavy Metals: HM as Lead (Pb): <lOppm; Lead: <5ppm; Arsenic/ Cadmium/ Mercury/Aluminum: <lppm (each) 

All bulk powder ingredients are GM0 free (Not genetically engineered)- if available, Non-High Energy Processed 
(a.k.a. irradiation, Microwaving), contain no artificial flavors or colors, and are preservative free. Only solvents or 
Manuf&turing aids approved by NOW Foods may be used in its production. 

Tozicity: LD% in rats (ml/kg): 4.6 orally. Hup A is safe because it would take more than 20 times the therapeutic dose 
(0.2mgkg, oral) to reach the LDso. 

NOW QC Product Tests: BT, ME, HM, AS, RI, OR SO, CO, PI-I, MP, PT 

Assay Method (active ingredient (s)): HPLC for Huperzine A 

Approved Labs:. American Analytical / Industrial / NOW Foods/ Plant Bioactives 

Distribution Rights (per Legal Counsel): No restrictions (pending) 

Date Issued: 1 O-14-99 Supersedes: None Approved: Jim Roza 

* pregaaot wome% and people with hypertension and pulmonary problems should not take it. 
Page2of2 
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HUPERZINE A. 

TYP1CALCERTlFICATEdF ANALYSIS . 

I- Hupenine A I Quantity 0.3 g -_ f 
Plastic Bottle 1 Batch Size 350 g 

t 971 l-01 f Receiving Qate 1 l/39? 
/ WS-127(X107)-94 [ Reporting Date 1 l/l O/97 .I 

Analysis 

1. Charactrris2ics 

2. Melting Point 
3. Identification 

4. Loss 011 Dying 
,5. Assay 

RESULTS 
1 Specification 

I _, 
A&la1 1 

1 White needle-like cry&iiine powder, odortess & hydroscopic 
..-’ I 227 to 231 *C T 228.5 - 229s “C 

i (1) k: 231 313 nm, nm 1 Conforms 
(2), (3) positive , I ,,, 

1 5.0% Max, 1.2194 
98,O - 102.0% 101.3% 

Conclusion: This bat& of pro&& is in conformity with the above criterion. 

< fnsp. Manager: Checker: ‘i’estec . 

. 

(Note: The Certiiicate of Analysis that accompanies the actual shipment of pr&d&? will 
,have the seal of the pharmacwtioal manufaoturer on it] 
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, and etrviron- 

-leading cause of death in the United Slates. . 
:.The hermful effects of tivironmental Cotins alone on the . ‘. 

I 

. ri&vous:system or brain are a major threat to the human 
rate; Many people will recall the case of Minamata disease 
lti Japnir’in the’ 1950s and 1960s and in ha in WI-72 Those 
who ate &III axi’ shellfish contaminated 2 y methylmercury 
developed damage of Ihe brain, spinal cord and peripberat 
neroes (thaw coming from the brain and spinal cord). Symp- 
loxn~ of the &ease included disruption of visual and sen- 
so+ nerve ftmction, nwscle uncoordinatiou (at+>ia) and 
impairment al hearing, speech and gait. chronic poisoning 
from environmental toxjns can also cause general weakness 
of the extremities, memory loss, multi-lnfard dementia (re- 

..sulting from smaIi strokes) and various forms of memory 
impairment induding Alzheimer’s dementia. Dementia Is a 

~1~~s of inlejlfztofd fun&on (&i.nking, remembering, reason- 
l 

:‘ingj;.so setiere that it intzrfetes with au indiiridual’s daily 
funciionlng and eventually results in deatk White the causes 
ol Alzheime~s disease are not known and are currenlly un- 
dergoing !ntet\se.sclentifk invesligalion, suspected causes in- 

~:&dedeCective genes or a genetic predbposiiian, abnormal 
‘protein build-up. in the brain (this will be explained later) 
..,mit: envizonmenld toxins. 

‘While t&e. liver and other orgatls ran regenerate nnd furm .:.. ?, . . . . . ..x ‘ ., ,j. : .: 
HUPERZINE k j3OOST YOUR BRAlN POWER I 7 .I :.” .-,.’ ..;. _: 
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meaning that it rffecfts one.or.moie grMpa d.neurona :whlle, $8 _ -. 

:t 
a. 

~.~&i~&bancC h& neurotransmftler ‘action and help the brain 
fo Iuftction opfimaffy. Hupmzine A, a natural .product iso- 
la&d Lore the ciub moss Htrper& sermJn, fulfills these re- . 
~qu@ements. Huperzine J% (HupA) has been shown to be a 
‘p’o@hg sgeJ\t for a wide nnge of memory and brain dis- 
‘~cir@,s, htcfudlng Alzhelmetis disease. It works by the fol- 
k@ng ‘me&i&3ms. 
:. Acelylchollne is a neurotransmitter thrt b essenliat far . 
normal b3tntng end memory ftmclion ih vim (in Ilving or- 

~~~ani&s~. Neurotransmilters carry chemical message&m 
‘z$je nerve cell (the presynaptlc nerve) IO (he nexf, causing 
,@e .receMng neuron (the posfsynspfic nerve) fo “fire” ifs 

.-+ur@ar&nitfers (see figure on page 16). Because nerve a 
:$d+ are dose together (separated by a space called a “syn- 
j$pt$ cJeN9 the released neurolransmilte~.Un this case, ice- ; ; 
‘~,tyfchollne) will activale the next cell in fbe sequence. It wil1 
jbind to a “cbolinergic” receptor (one that binds acefylcho- 
;$itw$. on .fhe postsyoapfic nerve. In the human and animal 
.:Ybmfri the enzyme “acetylchotinesterase” (AChE), normally ._ _ _.. -~ _ 
,;, bieaks down acetyfcholine, keeping it from repeatedly aring 
.;$be nerve and thus reguktfiog the avafl;\biIify of this neuro- 
i’h;\miller fn fhe bratn. Acetylcholiie function is defkient in 
:;‘:?patkqts with memov Jmpalrments or Al&elm&s dementia, 
., ;$~o+bIy due to selective degeneration ot a&ylcholine-produc- 
.+I% neurmrs in the brah It has been demonstrated in Alzhei- 
;.‘,;mefs disease $tients fhat inhibitors of ACM (also caalled 
,. ,,acetyld~olinesterase inhibitors) reduce the breakdolvh of ace- 
,~+~~lylcholine, an& thus increase its araUak$lity. This can am- 
,@-!ivab1y lead to an improvement in the patient’s cond&lon. * 

;,~~HupA’,is a potent Inhibilor of AChg, and fhus helps to in- 
~;-iztewe levels of acetylcholine in the brain. 

,,,$?: :;$ho& or long-?erm administration of Huperzine A has 
*‘been . demons ttaled lo induce a potent inhibitory effect of 

r high affJnlty tranepott of choline in the brain? ChoJine is the 
starling material for the synthests of acetylcholine. Inhibiting 

~~,$@tolhte’~ fmnspc~rt aliows more lo be available for synthesis 
‘;;‘. .of. &ykholine {see figure on page 16). 
. 1 . . .::,.. i. , : .; ‘1 * -HtfPERZM A: 8OOS’iYOUR RUAIN POWER f ? 
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al$f~‘bf H&A may be heipful In treating slrokes, epilepsy 
and other neurologitxl disorders. 

demtmdm~ that HupA holds tremendous promise for im- i 
pqhg the quality of life for people with 1 wkle range of mem- 
oty’knpirmenk in&ding AJzMmcis demenlin. 

;.K :. ,.., L I, ALZHiWER’S D&ME DEFINED .:: ;?,.i 
A@vqtet’s disease (pronounced Alz’-hl-men) is a progrek 
sive,,degenerative disease that attacks the brain and results 

: : : ‘: : : .‘. ; , : HUPEWNE’A: 8clOsr YOUR BuAlN row&R I I? ,..: ,I s-” I, ,,: ,’ .,..; .:.., ..’ .I’ ;.\ 
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!eki types of amyioid. Bela-amyloid prokin 
(A&ib Ihe lype comprising Ihe core of the plaques found . 
Itithe brains of. people aUkted with AD. It is derived lrom a 
much larger pro& called amyloki precursor pratein (APP). 
NoruudIy,~ APP is de&d (broken), reteasing a fmgment 
called APPsec+ This fragment. does not form amyloid During 
abnorn&proc%sing of APP, as is found in AD, lhe AB (also 
called iiinyfoid beta-protein) fragment is cleaved from APP. 
This WSURS in the accumulalion of At3 which then forms 
amyhid-; IN cases. where AD runs in familiefi, & gen>tic 
d&t ,caan be found ia the processing of APP. The fibrillar 
am&id .heta-pmlein has been ltnplicated in tlw develop- 
mcnt of’hM&ncfs4scasc due to its rrc~rrotoxicity and its 
ability to rdivnle an Manimalary response h lhc brain. 
, fiiei imporBanqe of e&rea&tsog elw b~aW8 infieiwi-ialo~y 

response ibi demonstrated by the fact that peopJe wilh rheba- 
lofd rrthxltis sectn to be protected from developing Alzhci- 
m&s d&ease! The.theory behind th’i finding 1s that patients 
%@I %r&rJtJs are osuafJy taking large amou111s of anti-i&m- 
malixy~medkaUoa Although asphin and non-stezuidqJ anti- 
inUammatory drugs are not tJx best way to contrd in&unma- 
tioh, he fact that UW inflammallon ‘has been reduced does 
rnae a diffete~ in the incidence of AD. Any subs~+ce that, 
reduces inflammation, sud, as HupA, will decrease the leva 
of oxkiaU,ve stress in the braIn tissue. 

WHY CfUPEltZfJ4E A7 2:‘. 
It’++ ..&q demonstrated repeatedly that memory loss or 
imp+mrr\@ and mgnilive dysfunctions are accompanied by 
a.&qjrutlJc reduction in acetyldtollne synthesis and/or re- 
l&se. ~JI the nerve cell~.~ Interest in the func~io~w of the 
cenlral choltnerglc system (llte nerves in the brain that use 
a&$haUne as a neurotransmttter) has been stimulated by 
the fJiuJing,that~r de&e JJI fuuinction in this area may under- 
Jik part of the &gnitive dderJoratJon seen in normal and 
$etholog!c (dJseas~reJatedI .agJng. Postmortem (al autoJxyJ 
analysis of the brains of palienb wJ& senile dementia of .“. : .., +i, :i .: .: HUPERZfNE A: BOOST YOUR,BRIIIN POW&K / 13 ‘; 

. . 



dkn,i psychotherqxutic agent, a p&ht, selective and tong- 
term tiversible Mdbitor of acetyf&01bw&as~* wd it - 

k@x~ the, S@UGS and release of acetylcholine. It also has a 
fa&&khmt time of htemtion with aretyklroflineste~ which 
j~~i dce it more efleczive. Its tong ItaIT-life means tlmt ii cztn 
ti$ given at kwer dosage and fewer times per day than inhii 
t~~%wllh dtier half-~ Hall-lives are discussed further on 
pibe TJC J4filJ1 ‘the compound physostigmine, ACM is strongly 

180: peipmfl inhibited in the brain within a few minute$ hut _. aa - .~ 
me etkx3 I;tsts only 60 minulesP With HupA the itd&ition is 

+ainlaJnsd kw @x JKM aft& one dase. HL@ also po~~e~ses 
~liiqti~ bhd-@h barrier penetration (ii reaches tts site of 
aclip! wAh mfmimal side effects at the then~pautic dose. 

0 

.‘. ORp?r-AChg inhibitors range fcum some of the most toxic 
a&nts to ever be synthesized (VX, Satin, Soman) to then- 

peu$z agents that are useful in the treatment of glaucoma 
(physostigmtne) and myastienia gravis (neusligmine). Only 
9. . h cholinomimetic compounds, physostigmine (also 
.called e~erin& taacrine and donepezil, have beet\ evaluated 
.extensively in dementia on a large scale, although there are 
jnyq therage~tk caddales in various state5 of study. So 
far ,there have been problems with some of the compounds. 

J’he therapeutic dkct of pliysostigmine, for example, is Iim- 
i&d by US host duration of action, narrow therapeutic win- 

flpw, and, ped$eral chotinergic effects. The term “narrow 
.;therapeutic window” means that the drug beaorna toxic at 
.doses.*ve that needed to be effecth. Drug Urrrt have 
+ipheral ch 0 

o lin ergic effects will act on nerves outside the 
$r+,:,cabdng side’ elects. For example, there nosy be fascic- 
:$@otit ~inv&Mary ccmtqactions, ar Iwitchings, of groups 

: 

$&u@e fiber? in the muscles in (he limbs). The most Ire- 
+ji#& aria ikportont side effect of &tine is hepatoloxidty 
.i(ljvti to&lty), which limits its clinical ’ value. Tacrine does 
(not ,appear to alter the tieurodegenerative disease; unlike 
,-HupA it, $ not neuroprotective. It also does nof provkle any 
$q$Jt in npn-AlzRehyer’s demenfia. 
.‘? :. ., .:; tnmwvE n: msr YOUR &RAW POWER I 15 1. ‘;,’ ‘;. ’ 
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,‘, 1 : C-red lo physostigmine ntid. tstcrink, HupA is more 

I 6’ : pot& at inhibiting rcetylchoiinesterase b&h itt vih (in tie 1, ,). I. . . . 
.? 

iabdr+tory) and fn Vera; it I+ about three times more pole& 
thah’ physwd@nine.‘4 HupA also persists IIN the body for a 

: .,.: - lon&er~p$od of lime than. physostigaline. At therapeutic 

: 
:‘. ‘:. doses,.:!he stde effects of HupA were minimal when com- 

..: ‘.j;, . . par6 .wwttb lhose caused by physostigmine and lttcrlnc .: ..- 
,::: I ,. ‘. MECHANISM OF AWON 
.. 

,. ! :’ .;.. ;., Huperzine A works by a unique mechanism that has been 
~’ .c.:. ” A..... ~cie+cally discmr4 aud reported In many research jour- 

i, :, ‘. na@tJs a potent xetykholineskrase inhibitor, Acetylcho- 
..‘.. ::.; liti., is llle ‘neu’mlransmilter in the b,min that is responsible 
. . . -Ior: pikrgtrig i4ecttbd hlqxllsea lrom one nerve to aaolher 

.; .:.; 
I, y. I . $ee,~appendix).+It is-made in the end section of t\erve fibers 
;.. ,: and packaged in10 smalI vesicles.where it is stored until I -‘p&s~ (see figure). Once acetylcltoline has been secreted 

.8. by the&rve ending, it persists for a lew seconds. In a nor- 
:I ! mat .:.brain,, lhe enzyme acetylcholinesterase serves a 

: : housekeeping function by breaking down the acetykcbollne. 
,:, : It is split ingo 811 acetate molecule (from the “acetyl” par0 
jf : 
;’ and clioJine. The choline (a n\ember of the B-vitamin family) 
:i : is then @ahsmitted back into hhe nerve ending to beeused 
,. ‘. again to make acetyfcholine. The brains of peopfe wilh Alz- 
T .. 
.I, 

hein@s demonstrate a deficiency of acelyklroline because 
..,:, ;.: !of dqna6e lo the nerve cells tllilt secrete it. Even with &is 
,- : ,. jlellciency, lhe acelylcholineslerase enzyme keeps working 
.; “.,< +o get .rid of, whalever acetykholine is released fronl the 

.;:. ~ciatna&xf nerve CEIL This creates a deficiency. Hoper&~ A 
.’ &opS jthis enzyme from brea+ng down acetylcholine, 11~s 

.,,!t:‘-, ;p reve$ink deficiency and improving mental function. 

! ‘:,“f: 
The finding of a sev~ely damaged and underactive choliner- 

gic +y$~;:in lbe b-ins of patients wi(lr memory impaim\eJlts 
:,j . . : : 
1 

. . .; : -and A&iei&fs dementia has led to clWal trials of new choli- 
( :% nom&eli& inchxiing cholines&rase inhibitors. It has been dem- 

. . . . 
; 

. . ‘. 
t 
’ 

ortstr&d.repeatedly that memory loss or impairments and 
cognihveidy3iqctiona are accompanied by dtamalic reduction 

:,..: HUPERZfNE A: BOOST YOUR BRA&J POWER / 17 .., ,, ‘. ,. : ; : y. .’ ,. : : _ ; : “. : : 
. . . . . ‘. ;.< -‘...,. ,* . . .; ‘.,, 
..: : :; :: ,. , 

. . . . . ..E ‘_ _ 



: y, :’ 

; 
‘,. 

: ! 
.i , 

.  

i I  ' . .  

:  j 

?" .  

~clo&&olblpyridin-2 OH)-one. St is easy. to understand 
why~its name was shortened. The longer name describes the 
c~G&sI stmdure of the molecule (see appendix). Akbougb a’ 
kason bt chernislry 3s beyond the scope of this Guide, some of 
the facts aboul’its structure are worth mentioning. For HupA 
la .&&bit AC@ it must interad wirlr it and prevent the en- 
qme: h-am working. To accomplish this suc~~~~futly, HupA 
‘codhs vririous chemical groups and interactive abilities that 
give ita hfgh ~fhky for AChEI Thus, the chemical slructure 
a’CH,tipA allows it .lo mnintain its unique ability to reversibly 
Inhibit scelylcllolirresterases.17 

The chentin\~ slabiIhy of Hupcrzim A is exderrt. It is resis- 
tant to structum! changes ~lten placed In acidic or alkaline 
,aofutiolrs.! Furthermore, long-term incubation of HupA with 
acel~kholinesterases at 24°C f7!PR resukd inno detectable 
&anges:.in the-chemical smcture of HupA? The stability in 
wt~losrs .s~lt~tion~ and the persisteuce of its effectiveness 
ngains@ChE at diflerent tempcra~res indicates tirnt I-Iuph 
wPlqxm&t bnger in the body and that tablets or capsules con- 
tai?ing HuPA wilt have a longer shelf life. Sophisticated Iabo- 

~rafoty techniques allow the determiiation of the exact 
gu’antily of HupA in an extract ol H~rpmin scrmk (see 
appendix). 

R~gardtrjg the strt~chm and function of HupA, Joei Suss- 
‘ma& qh.D., Professor of Struckal Biology nt the Weizntann 
hslihrle of ScJence in Rehoiot, Israel, says thal HupA can bled 
.b ,AChE -better than other AChE inhibitors,’ Dr. Sussman 
.stiMd:in-an arlicIe published in the \orrnrnf oj ~~AM%IJJ MC& 
id Asi~kfio~r @Wall “It is,as if tlris natural substance were 
.in$iouslj designed to ii1 into the exact spot in acetylcholin- 
ester&e where if witi do met good.” 
‘: ‘fhe:th&e-dImensional structure of the complex between 
‘HupA tid AChE was worked out by a Weizmann Institute 
graduate ‘student, Mia Raves, along with her pt at 
W+n\ann and with Dr. Alan Kozikowski of Geotigetown 
U,~jv~r~ity’~formeonnerly ht the Mayo Cl&, Jacksonville, FL).lb 

/ :;$ilipAkas a-lo’ nger half-life compared to the AChE inhlbi- 
.;.~:g ~ : .,I- I: 
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ti& && forms of the moiecule-one active and om not. When * 
scientists try to COPY natural ntolecules in the lnbon tory, fhe 
race& mixturp .is easiest lo synthesize. !%pmting rhe two. 
rnoiemile&in theracemic mixture &difficult and expensive, so 
t&e {nactive form iS Usuai~y just left in as pari of the finished 
p&&ct- Such a product will not be as active as the original 
substance because of the presmce of the inactive m&cule. hr 
fact, k&e synthetic tacemic mixbe of HupA WM found lo be 
three .times kss potent lhan nntural HupA?’ The Food and 
Dtig Admhistrillion @DA), however, required Ihat thctnac- 
UvP foqn he removed from the product. Dr. Kotikowski ac- 
mrdlngry synthesized an “op#cally pure” foml of HupA- 
“e that qontains only the active molecule. This optically pm-c 
fanti canke found in tablet form. 

Whenever a thempulic compoulrd is developed, research- 
ers: always, try lo improve il by adding differma chernicx.4 
g&ups at .vaiious- plsces on the molecule. Sometimes this 
;Worlq and a more effective compound (analog) is produced. 
In the .case of HupA, however, none of the analogs proved w 
potent as the or’lgtnrl, natural parent compound. 
’ Both .itatural and synthetic HupA were shown IO be more 
‘@~tit%an phySostigmin@ (a drug used to enhance memory 
ti.patients with AMeimefs dhense) as inhibitors of ncetyi- 
ch6linesterase in t&o. Moreover, this inhibitory effect on ace- 
~t)ilcholinesleca SC iv vim was of a longer duration (peak 
;activity of 20 miuule6 for ptiysosligmink versus 60 minutes for’ 
the Huperzine A varian!s). These results indicatea similar bio- 

“1~~1 mechanism of action between the two, but thal syn- 
&etk racemlc HupA exhibits a weaker biological activity than 
the’ n@ritil’produd,22 i. ; -.._ ‘-.,i. : .:’ ; i?IIAlIMACOKliUf!TiCS OF HUI’EKZINE A 

-IT&+ process by which a drug ot other compound is absorbed, 
~~sN$ecl, ‘metsboUzed and eliminated by the body is c&xl 

“ph$rmaco&ietics, Xhtderstanding the pharmacokinc~ics of-a 
~:drug;n$rilional supplement or food in lhe hunwn body is 
~:tiery:3mportant lo understanding !he clm-tcterktics of (hat 
./’ y 
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to&@O2O~~r~~ Or dottepezif) and 1ncrineP The memory 
impairme& induced by scopolamine, a drug that produces 
amnesia similar to that irr.Alzheinlefs disease, were evaluated 
using a maze. task. Both working and reference memory were 
afFdcted by srdpalanrfne. Working memory refers to tasks tltal 
tvq$ir~t &+-ned. Reference memory is the ability to recall a 
taskkrned ln Ihe pia& For exnmple, if Q mt WRS being t&cd 
for,@&ability to rtm.Uu+ottglt a tnnze and find the bnit there 
wbuld’b& deli&it in working memory if the rat went t&k to 
Ihe p.ame m&e uxrkiot where the bail had just been.found.:Jf 
a mt%iin‘fkst into an unbatted maze, Us would be an err& 
il~M3encCnrernory. Re-enlry binln sn unl.Gted n~ze worild 
nqkesent + deficit bt both types of memory. 

l@ they expcrimenl, to compare the inhibition of AC& byi ‘. 0 

HtipA with the effects of E2020 a& tacrine, the scopolan$t& 
< 

do&e (0.2 mg/kg) stgnilicsurcly impaired spatial memoryJin: 
mt~Htqmziue A (0.1-0.4 “g/kg, orally), E202O (OS-l.0 mg/ 
ke(: ~rel(p)~at~d twine WI-2.0 mg/kg, orally) reversed Uwe 
scopolainlne-induced memory deficits. Hupcrzine A was 

found to be the most sekcllve acetylcholineskfasfz inhibitor. 
11 improved Ihe working memory deficit and amnesia induced 
by scopd+tttine signifkanlly better lhan E2020 or hcrine. The 
acUo+ of the: lhree AC& inhfbitors was nlso tested in isolated; 
mouse ti~sclc.~ II is easier to’ measure the effects of these III- 
hiMtots al the neumnrusculsr junction (the place where nerve 
and rquqcle meel) lhon in the synapses between nerve cells in 
the brain; lt!w;ts found that HupA was more effective in inhib- 
#ing,‘.$hE Um tacdne as shown by a decrease in muscle 
moueli\ent. Although E202U Mcept, dorwpezii) had a 
shger effect on the muscle than HupA, Ihe 62020 was less 
se@ive. Such a decreqe in specific inhibition of AChE may 
resull in increased side effects. The researchers in both slltdfcs 
siagcl t!lal the resflfs confirm Ihal HupA is n p’ctmisiig agent 
to evaluate for dinhxtl therapy of cognitive impainnenl in pa- 
tients i&h Al+eimer’s dementia. 

~Tlie~~kct of Httperzine A on nwze performance in rrtts was 
&eyed by Drs. Xiong and Tang” in a comparison with phy 
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of$~cetykhollne in the brain (it remained. available for use). * 
HripA’~&~,a\@Wned fang-lasting levels of acetyklloline for 
ne$@~~nstnissi~~~ h UIC brain. Lagdere and colleagues con- 
d$kd$hl ,HupA may be more effective and less toxic than 
physbJr+ine This would be especially’ true in diseases where 
hqg-tetm UibitJon of AChE is required. INS is the case with 
Ajz+e&n&s .dbese. 

i~e’ekts of Hupe&ne A were assessed on the perfor- 
rn&e,of, rats *ated with a specific choiinergic neumtoh, 
A&IA? Thb neurotoxh was used Eo treat rats before the 
a@mi$+ered lhe ~dial JIICIZCL AF64A is known to disrupt. 
ll~~.MWl+q$4nes?+q procesqzs by allering cholinergIc brain 
~JJ$@J.~ -AF64A .causeci sign&ant impairment in a rat’s 
ab&l$. ti ‘perfqrm the necessq spatinllysriented tasks. 
heeded tasuaxed In Ihe maze The behavioral impai&ent 
was qsodated with a sign&ant decrease in the activfty of .’ 
mechanisms reqtig acelylcholine in the hippocampus, - ’ 
w@ch.is.r portion of the brain highly involved in nmio- 
tra+ssion animals and humans. Hupenine A signif& ‘1 
cantiy ,dmeased the AF644-induced menlory deficit and 11 
imp!oved cholinergic function. There were no side eftects. < 

Thes&animaf experiments demonstrate that Huperzine A ! 
is a highly promising therapeutic agent in allevlafing. neuro- :‘: 
logical. disorders including short- and long-term memory :_ 
dyhncttons and Alzhehnefs dementia. 

. . . . . 
Haru*n Studies 
Administration of acelyld~oliiwstemse inhib&ors is a major phar- ‘. 
ma&&i$ spp”adr currently employed in the lc&rnent of 
A~~~I$I& .d&ease. This slralegy is used with the purpose of . . 
MubIting @ykholine degradation irr viva, and hence alleviat- 
ing the cholinergic deficiency, which has been shown to occur in 
patienrs wilh Atzheimefs disease, Humanstudies (cli~h~l) hwe 
been couducted lo examine Ihe effecls ol HupA, 

The pharmacokinelics of H~zr~~~&&&.s-w~ moni- ‘- 
tored in &% 

--I- . - 
human male and femaI<&@&_~ed ‘2%% * 

*+jGEGiXwelghrng 53 Z T$GiiGhq~~~&Gi~~~ . . ,V”-.... WA --.--- .- I - * - - - --- 
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:- Siuciies using r$olineslerase inhibitors with the goal of 
al!eviaGng chollnetgic deficiency have shown the most en- 
cou@ing re%dts in Ahheher’s dementia to date. Huper- 
~411% ‘A. gahted~ considerabte lnteresk because of its unique 
arlti-acktyfcholinesterase activity aud biochemical properties. 
~“d@~~ti earlier, its ldng half-life, untque blood-brain 
bqti:v;penetMtian, mlnJma1 side effects, and high Ilrerapeu- 
UC fndkes suggested Ihat Hupenine A*my work belter than 
e&ins drugs, iucluding physostigmine and iacrine, for the 
I~eatnietil Of Alzheimefs disuse. 
‘, Th+re.‘Js. a’.con?iderable pharmacological evidence that Ihe 

,$&fM (brain) chollnergic h&Ion plays an imporfanl role 
in learning as kll as.for the working and reference memory 
~u+~~. .fo5tmwtem. (autopsy) analysis of Jhe brains of 
paFWs. .~w,trh kni!e dementia of the Alzheinler fype has 
‘id@fikd d de&e In central cholinergic acth&y fhat corre- 
@I%, w&11, Wr previous mental test scores. Interest in. the 
furktions of Ihe central cholinergic system has been stimu-. 
Wd by fhe hypothesis tbt decline in this system may uw 
d&lJe the part of fhe wgnilhre deterioralbn seen in the 
nqrmrl as well as pathologk (disease-induced) aging bratn, 
MxfwzJne A, considered one of the new generation of ace- 
tykhdinestemse Jnbibitom; has gabred considerable n&ice 
&cause of its unique anti-acetyldloltnesterase activity as 
.tieQs memory-enhancing effects in a broad range of behav- 
idraJ models. Hupeczine A exhibits. SigniftcRnt inhibition of 
,ace@zh~li.neslerase activity in all brain regions fcsted in- 
$udimg hippocampus, striaium, hypothalamus and frontal 
+A~JX. Stndxes in ihe hippocampus regulate behaviors 
such ?s.rage, passivily, learning and motivation. The &r/a- 
‘t&n.ls dkely connected to.the amygdafa, A pari of the brain 
asjprlited. .with fear, coGfusion states, disturbances of 

2~wa,~$~ and amnesia. The IwoIvenlenJ OC the awygdala 
:Iii’~~~otioi~al Mates has importaat bearing ou several terms 
,;.ti[ $nenffa. In Alzheimer’s, lhe amygdala suffers from se- 

I 
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Ij;i&im :A.:and &&xii-Coniractlm . 

H@ik+i& ‘A; as .d%cussed earlier, fxrtentiales the skeletal 
+ad$ ‘konlraclion and increased muscle tone in rats.” CM-- 
ca;li~;$n’a~lh~ study, Huperzine A was shown to improve 
ui.usie ieaknftss signifkantly as well as memory in patients 
Gitii impaired InefnOr)~~ B-use Huperzine A prevents ihe 
s&t+ degeneration of acelyicholine-producing neurons in 
tk!.brain nnd enitances the availabilily of acetykholinq in 
‘the’:br&n of paliettfs Bufferiug from neumbgical disorder! 
ir@udiiig ~AIzheimds dementia, the connections between 
nqes and muscles function better. The improvement in 
neurqnuscuiar chdineqjk transmission leads to an im- 
pmvement of the patient’s ccPndition. m 

IL$ulap Mcmorp Improvement ; 
Tliq: study conducted In huma~t subjeds ,to assess bnp&e- ” 
mt+t in. muscle, fun&on using Hupenitie A, also showed ‘:. 
favqrabie e&&s in the treatmerit of age-R&xi memory im- ’ 
p+tt&‘.In another comparative sludy with Hydq$ne* 
(a %is$flator, 600 inicrogmms), 30 micrograms of Huper- 

I:, 
,: 

he A t&en Intramuscularly) appeared io Improve mem- .: 
oq+ fqt I-9 h&s after it was given to 100 aged individuals 
Qajigiyg in age fmm 46-m Sex: 54 males, 46 females) suffer- 

1. 
~ 

ing from memory impairment.6 In Ihis population of 100 ‘T 
su&cts, 83 had no demonstrable brain dbease but were suf- 
fering from age-related amnesia or memory dysfunction, 
and only 17 had probable Aizheimer’s disease.. Note that . . 
Ahi+&s disease cannot be definitely diagnosed before 
death. 11 is only at autopsy that lhe delermination can be 0 
tiadq,:.wilh precision The reaufts of Ms experiment were 
wiry encouraging. Minintnl or no side effects were observed. 

A more cornprehensive study was htex conducted by 
Z&g a’nd coileagues.‘1 The’therapeulic effects of Huqetine 
A. tiere ‘slu&d by the random, matched and double-blind 
method (a ~cientikaily valid and accepki method) on 56 
patients’ with muki-lnfarct dementia (resulting fmm. se- 
*te+,6xnall strokes). The paUen!s were age 64 f 7 years; 
‘. ( , .L~ ,... ,.. 

: 
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kdjbjk weakness and marked fatlgability of skeletal muscle. ’ 
The’defixt caused by the d-e i~~volves nerve transmission 
61;4he’ k&omus~~tlar jun&n, Hre area where nerve meets 
muscle, :Wbqn ti nerve “fJres” and activates a muscle aI the 
nga@niiu~,r jmiclion, the muscle should contracl or 
rnov~~ Although patients wilh mynsthenia gravis can ini- 
@4j$nove the muscle, repeated activation causes a dimin- 
iSh@,kspowe and muscle movement cannol be m~inlained. 
Ache inhiiitors, by IceepJng acetylcholine JeveJs high, can 
Jncgwe muscle response. The study, conducted by Cheng 
slid co?eagues was done in 1986. The clinical effects of Hup 
eniire .A Were compared with prostigmhe, another AC1113 
i$?ibitM, In. P2g’patient~ with inyasthenh3 gfwis, 99 percent 
d~!@%trated controlled or improved dtaical symptoms of 
W$k&e. The duration of action of Huperzine A was 7 f 
6 htiurs. SJdk effects, except nausea, were minimal when 
q~ppared with those induced by ptostigmine. 

:7 

P$ectltin Aghst Nave Agents and Peslicide Taxiclly 
Organdphosphates, chemicaJs used as pesticides and nerve 
gabs during war&e, are well known to enter the nervous 
system; +act with cholinestense, irrcoustify inhibil It, and 
Jndti@&r$aJ brain injury leading to coma and deaih. 
Wh9 A,chE is !rreversibIy Inhibited, there is no control over 

’ Jev&‘:of awtykhdine. All Ihe effects of acetylcholine will 
become exaggerated and continuous. In the eyes, the pupil 
will marke$y constrict with pal” and spwm of muscles; 
effecls ‘on the lungs include “tightness” in the chest and 
w,&eziFg C&R to constriction ol bronchial tubes, as we11 as 
i&eased ,muNs. Jn the gastrointestinal trxt, nausea, vom- 
it& cramps, diar&ea and extreme s&&ion are produced. 
-Qa~lj~Js@Jy 0cEUrs by respiratory (Jung) failure, often ac- 
cOmpa&d by .a heart attack. 
” The retnwkable seleclivity for acelylclrolineskrase and su- 

pe+or blood-brain barrier penetration abifity of Hupenine 
AC S!ong Ml! its chemic4 staldily and reversibility, sug 
gest? y@t it should provide a safe and long&sting prophy 

i~~lWZXVE n: DOW2 YOUR BRAIN POWER / J5 



physosligmf{e.er _ . . 

. . . 
: ’ : ‘.’ . .: 

,. 
*;, ., . 

: . .,: . . . 
:, .,i. $ 

‘a,’ 
.i. .li : ‘.! . :‘. I 

.., s cl-‘ 
:,;: ;,.. 5.r :’ 
,., ‘7’ 

. . 

ca@‘~$~ith nerve gases). Because HupA (lhe Jnhibitoi) is not f 
allered Hihe. it inactivates the -me, it can be released 
and’& again. Hupenine A produces a long-lerm inhibi(ion 
of&+l~~lhwstemse activily in the brain (up to 360 mirL 
uleii). land Increases acelykholine levels up to 40 percent at 
60 m&uf&.‘3 

Pli@dsligmine, ‘another AChE inhibi tot, produces a rapid ‘. “i effgct,!l5 tiiciure,pez+ of 55 petkent inhibition), but lhis-ef- 
fe&&$ver within 120 miuutes. Afler attatning peak plasma 
(bloj@’ conceniration in humans at approximalely 30-60 
mi&ai;?s, physostigmine is cieared from plasma with a balk 

?ifti: ‘of about thiig rnim&xq The antkhoUneslerase action 
of Huperzine A in choline@ synapses ie all: t QEigwhS~ 
of &WE Wg Known aa htrahydroamjnoa~~e)ridine)?’ The 

~ii$$$iii%~afe of Huperzme A is437iZii~. While the 

,: 37 
FL%,df E#yperztne A-4 comf”able lo that df phposlig- ! ’ 
mln+a~,d: -1acrine (a classical acelykholinesterase inhibilor), 
its duraUm of aclton is 10. lo K-fold longer irr triao lup io I 
8 I~ours), and the Incidence of Bide effects induced by T-her- / 
zinc A is mnsiderably less than lhat of physosti&& d 
latrine. .Tacrine has been approved-by lhe FDA for the clini- 

“Cal treatme@ of palfents with Afzheimer’s dementia,n but 
the 4herape~lic usefulness of tacrtne is Umited by its.Iiver 
toxicity. Huperzine A more slgnificanuy improved learning 
and men@y h, mice* wilh &gher efflcacp than tacrine br 
Phase. I1 dinkaf trials, Hupegne A improved memory in 
Alz&imer’s ~dkase patients with mi@nal side effeclsH The 
Ph&sq Il clinical study wilh Huperzine A also showed that 99 
percent of pallents wilh myastbenia gravls were controlled 
and/or bnprcived following administration of Huperzine 
ke ‘Furthermore, its long half-fife, high oraJ bioavaiiabillly, 
-unjque bio+brain barrier penetration abilily and safe lhera- 
p@&hdices support the fact that Huperzine A is a poten. 
tM,wdate for Crealmenl of memory deficits In patients 
with Afzheimer’s disease. Huperzine A atso has potenlial 
fo‘r treatlog other IWVOW system-r&led dementfas as well 
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QiarG&: if.” has demonstrated a high performance liquid 
chromatography technique (HPLC) for the quantitalion of 
Hup&ni~e A-HlW is a technique that uses a tube-like col- 
umn Ii&d with very small bead particles to separate-the 
compone@3.of a liquid mixture of a substance, in this case 
(he IiupA extra& Depend& on the molecular size OF lha 
compbh~ I1 wilI either pass through the column or be 
Irdpped on the beads, By varying the size of the beads and 
the type of liquid flowing through the column, individual 
compoiten@ in c,grtplex mixtures nrn be identifii. Tlti 
HPLC ~~s,.equipped wltb an UV abscxbanct! detector and a 
Spherisorb :C& (150 mm x 5 mm I.D.; 5 pm pat-tide size). 
The mobile phase was methane\: waler (45:55, vol/vol) at a 
flO~:r&‘of 1 ml/min at 3O?C &umn oven. The column 
e&&t. i&G monitored at 313, nm. 
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#iE@F TREATED ?!Y 0.1 MCIW&&dL 

The clinical trials used the double blind tnetbod on 88 patients with cognitive deteriora- 
tion. wish MQ (WMS) ‘< 100. The meqn values of kfQ of 44 mated and 44 controls were 
82.8*:4.3and8I5ff$.Q(p.0.0~3,~~~.~,~~e1~~,~d~a~~*~~0.1 ing po Q.i.d.The -- 
mean values of MQ aft& the, treatment (the infernal ween pn- and posttcb* of WMS 
with’ A and B form, respectively, is 2 months) of treated and coarrols.wert 93.!j f PI.5 (p < 
0.01) and 85.5 f 16.5 (p < 0.01). The effective rates were 68.18 end 34.09% in the CWO 
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lPERZlNE A 

9R, 1 tfl-5Amino- 1 lethylidene-5,6,9.1 O-tetre- 
vdro-7-methyl-5.9-methanocyclooctenoibby 
W-2( 1 HI-one 
= 122-853 
~linestereee Inhibitor 
of Mysstheniu Gmvis 
r&on Acrivaror 

H,,N,O ; Mot wt: 242.33 
74.35%; H 7.49%; N 11.58%; 0 6.66% 

fatfotl 
~peame A Is a new ffcopodfum alkaloki isolated 
VI the Chlnese folk medicine Hupenis serrate 
lurnb) TRW. The powdered herb Is extra&ad wltf~ 
% ethanol. TIN phenolic elksloids are aeeparated 
treatment wftf! dilute sodium hydroxfde. The mix- 

e Is taken up on a basic sflfca eel column, and 
!luted with chloroform-methanoh Huperzfne A is 
stalff7.ed from acetone after evaporatfon of the 
Iron solutlon (21. 

scrlptfon 
Xghtfv yellow crystals, m.p. 229-30’; 
84-s = - 1 80.4’ lc = 0 498 MeOHL UV sbsorp 
r; ) .m., = 231 (log t 4.01 t, 313 Ilog t 3.893. IR v=i 
i. 3'80,165G.161!& 1~50 (lt. 

armaWfogf& Actions 
-be antchdtnusteruee ucvv~t~ of hupenlt% A. was 
Idied IP vlfrc (3; Rar erytnrocyte membrane and 
Jdete wcbi ot ptgo wet-a uaad as ~usuixmi ,f 
??ytcholmesterase. ant ra: serum was chosen as 
JtCe of b@rocnoflnesterase. Tfm pf, of huper. 
eA ards erythrocyte membmne and caudate 
otea b.-d 7.2 and 7.9, respectfvely. The lnhlbftfng 
ect was about 3 times as potent as that of 
vWattgtnina. Huperxfne A was less potent than 
ysestlgmlne towards rat serum. Tha affWM thus 
longs to the class of mlxed and revarsfbfe 

WI 

c~lmestamse inhibitors. 
Rate wera placed on an electrlffed grfd In a Y-maxe 

and learned to run Into the Iight arm (safe ama). l’hit 
criterion of feamfng or retrfeval was met after they 
had chosen the light arm 10 tdafs In succession. 
Huperzlne A 100 and 167 rg/kg i.p. admfnfstared 
20 min before training caused a sfgnfffcant decrease 
Ira the number of trials to crfterfon. Facilitation of 
retrieval was also dose-dependent at doses of 
36-167 FgJfcg i.p. Scopolamfne 0.2 mglkg s.c., 

atroplne J mglkg s-c. or hemlchollnfum 20 fig/lo 
pl f.c.v. antagonfxed the positfve effects of huper- 
xlne A 0.1 mglkg on retrfeval process, but methyl- 
a&opine 2 mgfkg S.C. dfd not do so. Under the 
same condftlons. physostlgmlne 80-f 80 pglkg i.p. 
Improved the feamlng and rettrieval process, but 
neostfgmfne 30 pglkg i-p. dld not. The facilftatfng 
actlons of huperxfne A were due to an effect on the 
central choflnergfc system, especially on the 
muscarlnfc system (4). 

Cllnkal Studies 
One hundred twenty efgfd cases of myasthenia 

gmvls were treated wftf~ huperzfne A 0.4 mg i.m. 
once dally. Clfnlcal manffeatatfons were controlled 
or Improved. Huperzfne A showed a duratfon of ac- 
tlon of 7 t 6 h, whilst that of prostfgmfne was 4 l 5 
h (5). 

The therapeutic effects of hupenlne A and 
hydergfne were studfed by a double-blind method 
In 100 aged patients with memory Impairment. 
Memory was improved l-4 h after inJectfon of 
hwenine A, and the effect was sustained for about 
8 h. The therapeutk value of huperzfne A 30 pg was 
superior to that of hyderglne 600 fig (61. 

Except nausea, the sidesffects of huperzine A 
such as tssciculaticrt, dfzzfnesa, sweatfng, blurred 
ViMn, etc., were fess and milder than those of pro- 
stfgmlne (51. 

ManlJfacturet 
Shanghai Inst. hlateria Medics [China!. 
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LORATADINE I I hop INW: WAN 

I 
Lomtadlno [SPI 
15 -IN-(Ethoxvcarbonyt)-4siperidylidene/-dchloro- 

911 -dihydro-5H-btnzoi5,6)cyclohepta(l.2-6i 
pyrldine 

d-i8Chloro-5.6-dihvdro.i 1Wbenrof5.6lcyclchepta 
: I 2-blpyrtain- 11 -ylidenel- 1 -prperidinecarboxylic 

acru ethyl ester 
Sch.2985 1 
[CA!%79794-75-51 
EN = so-791 
Antihistamine 

C,H,CIN,O, , Mel wt: 362.89 
c 69.01%; H 6.05%; Cl 9.26%; N 7.32%; 

0 8.35% 

synthaeis 
This compound can be obtained by two different 

ways (Scheme 1): 
I I 8y cattmxylation of Schloro-6.14 -difWo-1 T- 

(4-piperidylidene)-5H-benzol5,6)cycloheptaf 1.2. 

blpyridine (I) with ethyl chloroformats (III In reflux- 
lng benzene (1, 21. 

2) By reaction of 8)chloro-6,11 dihydro- W-bent0 
(5,6icyclohepta(l.2-blpyridin-1 I -one (Ill) with the 

Grlgnard reagent (M to give the tertiary carblnol N). 
which IS dehydrated with 99% H$O, affording 8- 
chkroaaatadlne WI) (3). Finally compound (Vi) Is 
fraated with ethyl chloroformate 61) In totuene (4). 

DWXlptlOIl 
Crystals, m.p. 128-30”. 

r--Er-1 

Introduction 
AntihistamInes became widely used in the mid lo 

late 1949’s. They quickly became established in t~,a 
treatment of various akerglc disorders. particuladb 
rhinltkr, conlunctivitis and u&aria. The problem Of 
sedatton llmlted the use of ~lasslcal antihistamines 
and the search for H+mtag~lstJ WIthout Sedative 

potennal has Peen a goal withrn the phannaceuhi 
Industry Several non-sedating Ht-entih~stamin~ 
have been recently introduced :n Ihe c!inic. others 
are cinder InvesZrgatror? and others are conunuous. 
fy emerging from patem I&awe ITawe Il. Recwv. 
convenron of the basic tertiary amino function of 
the potent antihistamlne azatadine (optimin& it] 
to a neutral carbamate function led 10 the prepara- 
tion of compounds which retained significant an- 
tihistamine actlvlty, with We or no CNS effects. 
The most potent antlhletamlne. Sch-29851 
(kramdiie), In thlr aerles was selected for further 
evaluatlon In view of its lack of CNS side-effects i4j. 

Pharmacological Actions 
Loratadine has been shown to be a potent an- 

effects In a variety of animal rpecles and test 
paradlgma (4-7). One explanatlon for these Rndlngs 
Is the weak afflnlty of loratadlne for CNS receptors 
involved In sedation, including histamine 
H,-receptors, at-adrenoceptora and acetylchollne 
receptors (5). In a recent study displacement of PHI- 
mepyramlne blndlng was studied In membranes 
from guinea-pig lung vs. cerebral cortex as a 
measure of afflnlty for peripheral vs. CNS hlstamlne 
receptora. Loratadlne waa aeleotlve for lung vs. cor- 
tex, white other antlhlstamlnea, including 
terfenadlne, astemlaole, mequltazlne and chlor- 
phenrramine. were not aeleotlve. From these rosuhs 
It was concluded that the lack of slgnlfkzant sedative 
effects shown by loratadlne was due to its Poor 
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Srnnmor~~ Huperzine A. alkaloid from the Chinese herbal medicine Qian Ceng Ta, which is prepared from the moss 
Httperz/a sermta, has been used in China for centuries to treat fever and inflammation. Hupenzine A is a strong inhibitor 
of cholinesterases with high selectivity to acetylcholinestemse and in China is developed as therapeutic against 
Alxheimcr’s disease. May be that hupemine A will be better than other centrally active anticholinestemses in treating this 
neurodcgcnerative disorder. Hupctzinc A appears to have additional pharmacological properties that make it an attracti- 
ve candidate therapy ibr clinical trials. 

introduction 

The alkaloid compound, huperzine A. was discovered 
in the Chinese he&al medicine called Qian Ceng Ta (14). 
This traditional remedy, which is prepared from the moss 
MrperzIo stnura, has been used in China for centuries to 
treat fever and inflammation. 

Chemistry 

Huperzinc A is an unsaturated scsquitexpenic com- 
pound with pyridonc moiety -and primary amino group 
(Fig. I) C&l 1 
I3ethylidcne-l ! 

NzO. MW - 242.32. Chemically !bemin* 
-meth~~clo(7.3.1.0(3.8)~~ a- 

X8).6.1 I-tricn-tine. Compound is optically active and in 
the moss is pteaent only its (+amntiomet. The pyridone 
ring is planar and the stereochemistry of the C( 11 )c( 12) 
double bond is E. It is white solid soluble in aqueous acids 
and CHCl, (3). 

c*1 
/ 

., i5kl.A I :: 
H,C / -0 - 

*2 

Fig. 1: Chemical structure of hupcrxine A 
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Biochemistry 

Hupemine A is a potent reversible inhibitor of choline- 
sterascs. i.e. acctylcholincsterase (AChE) and butyrylchali- 
ncstcrse (B&E) with on- and off+atea that depend on 
both the type and the source of enzyme. A low dissociation 
constants Ki was obtained for s+mmallan-AChEe 
A (2040’riM) comparedto mammalian BuChEhupazine 
A (2040 PM) ( 14: ‘I-his indioatea that the thermodynamic 
stability of huperzinc-cbKn~ complex may depend 
on the number and type of aromatic amino acid nsiduer in 
the catalytic pocket region of the enzyme molecule. The 
mechanism of the inhibition of acetylcholineaterase 
(Al&E) is stereoselective. (-)Huperzine A, which is in 
drug, was the more potent enantioxner with a Ki value of 8 
nM. (+)Hupcrzino A inhibited the enzyme 38-fold less IKP 
tently with a Ki value of 300 ah4. Baumic huperxins A was 
about two-fold less potent than the more laivs enantiomor. 
The mechanism of inhiiition of rat cortical AChE for all * 
me compounds was of tho mixed linear competitive type 
(9). Very similar results were obtained with enzymes from 
other sources ( 13). The crystal stmeture of the complex of 
AChE with optically pure huperzine A at 2.5 A resolution 
shows an unexpected orientation for the inhibitor with 
stnprhingly few strong direct interactions with protein IWC 
dues to explain its high affinity. An analysis of the afliniti- 
es of structural at@og~ea of huperxine-A. conelated with 
their interactions with tho pmtcin, shows the importann of 
individual hydrophobic interactions between huperdne 
A and aromatic &dues in the active-site gorge of Ache 
( 12, 13). Based on docking studies and the phkmacob@- 

IS5 
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cal results reported for huperzinc A and its analogues. it 
was predicted that huperxine A binds to the bottom of the 
l&ding cavity of AChE with its ammonium mup inter- 
acting with Trp84. Phe330 and Asp72 and to the opening 
of the gorge with its ammonium group partially interacting 
with Trp279. At the catalytic site. three partially overlap- 
ping subsites of huperzine A were identified which might 
provide a dynamic view of binding of huperzine A to the ca- 
talytic site (7. IO>. 

Neurochemistry 

AChE was assessed in rata after acute and chronic ad- 
ministration of huperxine A. Forty-five min after a single in- 
jection of huperzine A (0.5 mg/k& iq.) the activity of 
AChE was significantly decreased by 15 - 30 per cent in hip 
pocampus. striatum and septum. The activity of cholinca- 
cetyl transfcrasc (ChAT) was not altered. In the 
hippocampus high affinity choline transport (HACI’) was 
altered by 25 per cent, whereas no e@ct in the striatum was 
observed After 90 min. both inhibition of AChE and-at% 
nuation of HACT had returned to control values. After 7 
days chronic application of huperzine A (twice a day) at 
0.5 ml/kg. the activity of AChE was significantly reduced 
by 20 -30 per cent in every region of the brain stidied. 
HACT in the hippocampus was reduced by 28 per cent, 45 
min after the last injection, but in the striatum there was no 
effect. The activity of ChAT was not affected in any region 
of the brain studied (8). 

Tang et al. (IS) show that huperxinc A can product 
a long-term inhibition of AChE activity in the ncetylchdi- 
ne levels up to 40 per cent at 60 min. .There is considerab 
le regional variation in the degree of acetylcholint 
elevation after hupeninc A with maximal values seen in 
frontal (125 per cent) and parietal (105 per cent) cortex 
and smaller increases (22-65 per cent) in other brain regi- 
ons. A comparable effect was also observed in studies, in 
which. over a range of 0.1-2.0 mg/kg of huperzine A admi- 
nistemd i.p.. signiticantly inhibits of AChE activity in all 
brain region tested (hippocampus, hypothalamus. striatum 
and frontal cortex) and decreases level of brain acetylch* 
line (t6). 

Pharmacology 

Huperzinc A at concentrations I to 100 pM dots not 
significantly alter the electr&dly evoked release of 3H-acetyl- 
choline from cortical slices. With the exception of the hig- 
hest concentrations (600 M) the displacement effect of 
hupemine A for chohnergic lipands is -stronger for 3H-tti- 
cotine than for ‘H-QNB. Autoradiographic study in the 
mouse shsws that 60 min after i.v. injection (183 l&kg) hu- 
penine A is particularly concentrated in certain areas such 
as tiontoparietal cortex, nucleus accumbens. hippocampal, 
and striatal cortgx. IWioactivity is practically absent in the 
whole body at 12 hr (15). 

Huperzint A in doses from 0.4 o 0.5 me/kg, i.p.. signi- 
ficantly ameliorati the AF64A-induced memory deficit in 
rats in the radial maze. These results suggest that dissntp 
ting working memory induced by cholinotoxine AF64A can 
be effbctivcly ameliorated by huperzint A (18). Very simi- 
lar effects were obtained with huperzine A in doses from 
0.1 to 0.4 me/k& P.o., on memory impairments induced by 
scopolamine. The comparison with other AC&E inhibitors 
shows that huperzine A is the most selective AChE inhibi- 
tor, and improved the working memory deficit significantly 
better than did tacrioe or dontpezil (Z).Thc results with na- 
tural (+huperxlne A and synthetic (+l+hupetine A mdi- 
cate a similar biological effects, but the racemic mixture of 
(+/+huperxiue A has a weaker biological activity than the 
natural pmduct (6). 

Huperzine A in dose 0.1 ms/kg. in conscious rabbits 
reduced, already 30 see after i.v. administration, an alert 

ii EG pattern, which showed decreases of lower Requency 
components and the total EEG power in cortical arca, 
and the dominant frequency transferred from delta 
rhythm to theta rhythm in hippocampus and the same cf- 
fects were obsereved wit+ physostigmine in the dose of 0.1 
mg/kg. Intravenously administered huperzhte A in dose 
0.2 &kg as well as physostigmine in dose 03 mJks an- 
tagonized the EEG effects of scopolamine (0.3 m/kg i.v.1. 
That results indicate that the effects of hupetzine A are clo- 
sely related to the action on the central cholintrgic system 
(9. 

Huptrzint A appears to have additional pharmacologi- 
cal properties that make it an attractive candidate therapy 
for clinical trials. In studies using cell cultures tim the 
hippocampus and cerebellum of rat embryos, have been 
shown that hupetzine A decreases neuronal cell death cau- 
scd by toxic level of glutamate (14). In addition to the loas 
of choline& function in patients with AD, glutamatergic 
and GABAergic neurotransmitttr systems may also be 
compromised -Glutamate activates N-methyl-Daspartatt 
receptors and increases the flux of calcium ions into the 
neurons, which in sufficient concentration can kill the 
cells. 

Hupemine A has been also testing as a prophylactic 
drug against coma and other nerve gas poisoning with 
very good effect (4). 

Pharmacokinetics 

Pharmacokinetic of huperxine A was studied in six vo- 
lunteers after a single oral dose of 0.99 mg and drug con- 
cent&ions were assayed by reverse phase HPLC from 0.5 
to 10 hi-s. The time course of plasma concentrations con- 
formed to a one-compartment open model with a lint or- 
der absorption with To,, b = 12.6 min, To.5 l.a - 288.5 min. 
T - 79.6 min. C,, - 8.4 lQ/litre. AUC - 4.1 mgliit- 
$%n. From this result is clear that hupenlns A is absor- 
bed rapidly. distributed widely in the body. and eliiinated 
at a moderate rate ( 11). 



Medical use 

Hupeninc A has similar action to the drugs currently 
approved to treat Al&in&s disease - tacrine (Cognex) 

, and donepezil (Aricept). i.e. inhibits brain AChE and 
blocks the breakdown of acetylcboline. a chemical mes- 
senger in the brain &at is important to memory function 
( 14.19). Reports from China. where perhaps 100.000 pew 
ple have used huperzine A. suggest that it is at least as safe 
as the two approved Alzheimer’s drugs. Not all informati- 
ons from China are available and trustworthy. It is evident 
that hupeainc A in China was not only clinically tested, 
but this compound is used as remedy in the form of tablets 
in Alzheimer’s disease (17). Nevertheless, huperzine A is 
probably still 8 long way to medical use in Europe (14). 

The ability of huperzine A to decrease neuronal cell de- 
ath caused by toxic level of glutamate may make this com- 
pound a potential drug for reducing neuronal injury from 
strokes, epilepsy. and other disorders. 

Nqerzine A is a candidate drug against organophosp 
hate nerve agent toxicity for its long-lasting antidotal effi- 
cacy and low toxicity (4). Prophylactic stidy make this 
drug pmmissing as a protective agent against chemical we- 
apons. 
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Pharmacokinetics of tablet huperzine A in six volunteers’ 

QIAN Bo-Chu, WANG Ming, ZHOIJ Zhi-Fang, 
Shen (Depa@ne.. Of Pharmacology 9 Inst~fute of 
Sciences, Hangrlrm 3100z3, China) 

AIM: To study pharmacokinetics of tablet hu- 
perzinc A (Hup-A) in Chinese volunteers to 
help e.stablishing its drug administration 
schedule. METHODS: For 6 volunteers after 
a single oral dose of 0. 99 mg, drug concentra- 
tions in plasma were assayed by reverse phase 
high pressure liquid chromatography (HPLC> 
at 0.5. 0.75, 1.0, 1.25, 1.5, 2, 4, 6. 8; 
and 10 h. The pharmacokinetic parameters 
were calculated with a 3P87 program by com- 
puter. RESULTS: The time course of plasma 
concentrations conformed to a one-compart- 
ment open model with a first order absorp- 
tion. The pharmacokinetic parameters were 
as follows I T+, = 12.6 min, T&r p; 288. S 

min, T, - 79i.6 min, C, = 8. 4 pg L”, 
:i-.:-;:,:i$UC = i. 1 mg L” min. CONCLUSION: 

5 $ &p-A was absorbed rapidly, distributed 
q !G %&dely in the body, and eliminated at a &der- 
Y 2. 

+,;.. 

“ate rate. 

-- 2’. KEY WORDS huperzine A; cholinesterase 
f;c ;..- ;, inhibitors ; high pressure liquid chromatogra- 
s” * ,phy 8 pharmacolcmetics ; phase I clinical trials 

1 

Huperzine A (Hup-A) , a new alkaloid 
first isolated from Chinese herb Hlrpcrzia ser- 
rata (Thunb) Trevol, exhibited a selective in- 
hibition on acetylcholinesterase ( AChE 1”‘. 
It potentiated the skeletal muscle contraction 
and increased muscle tones”‘, and enhanced 
rodent learning and memory”‘. Clinically, 
Hup-A improved muscle weakness. of myaa- 
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Zhejiang H&h B~rcpy M SW4E. 
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thenia gravis”’ and memory in patients with 
impaired memory or Alzheimer’s disease’?. 
The plasma level of Hup-A following iv or ig 
[*H]Hup-A 13. 9 MBq kg” in its declined in 
two phases, the distribution phase and the 
elimination phase,-with half-lives of 6. 6, 149 
min (iv) and 10, 203 min (ig) respectively”‘. 

This paper was to study the pharmacokinetics 
of Hup-A in healthy volunteers to help esta b- 
lishing its drug administration schedule in 
clinic. 

MATERIALS AND METHODS 

Drug According to Chinese National Standard 
tablet Hup-A (batch s 9101121 was prepared by the 
Institute of Matcria Medicar Zhcjiang Academy of 
Medical Sciences. The purity of Hup-A was 9.5 %. 
Each tablet contains &p-A 0. 09 mg. ( f m i n 0 r 4 
Http-A as internal standard was synthesized and pre- - 
sented kindly by Dr HE Xu-Chang , Shanghai institute j 
of Materia Malicar Chinese Academy of Sciences, and ’ 
3 mg L-’ was used for experiment. 

Subjects Six Chinese volunteers <M 3 t F 3 19 i 

aged 27 & 6 a and weighing 58f 7 kg were all healthy I t 
not in pregnant or menstruation. Each volunteer was 
told about the aim and process of the study. Agree- 

1 

ments were obtained from them before study. Each i 
subject w*ds given a single oral dose of 0. 99 mg Hup-A : 
tablet at 8 am after an overnight fasting. Breakfast ; 
was served at 10 am. Blood (S mL) was collected ’ 
from an indwelling catheter in antccubital vein before 
8ndatB).2Sr0.5,0.75,1=0,1.25,1.5,2~C~6~8~ f 
and 10 h after po. Plasma (2 mL) was taken for : 
HPLC. Pharmacokinetic parameters were ‘obtained by 
first calculating the parameters fmm each person and 
hen takii average of the 6 pammeters, using a 3PS7 
program provided by Chinese Mathematic-Phmc* 1 
logical Society on the computer. 

I . 
1 



Guo- 
tdical 

with 
sty . 
r ig 
led in 
1 the 
. 149 

lYE” . 
leetics 

stab- 
le in 

. . 

ndarr, 

IY the 
fiyof 
5 %. 
Dinor 
I prt- 

tit& 
, and 

’ 3), 
Ithy, 
: w8s 
g=- 
Each 

UP-A 

kfast 
ected 
efore 
5, 8, 
3 for 
:d by 
and 
3P87 
taco 

. 

BIBLIDI ISSX 0255-9756 16 (5) 

. . 

F 

HPLC Shimadzu LC-GA liquid chromatography 
:vas conncctcd to SI’D-GA uv spectrophotomevic dc- 

. . tector (Shim&& and Rhcodyn 7125 sampler, record- 
/ cd on C-RJA integrator (Shim&u 1. The column 
. was a Sphe&orb Cl8 (150 mm X 5 mm inner diame 

tcr; 5 pm particlc size ). The mobile phase was 
methanol: water (45t55. vol/vd)~ 1. 0 mL min” at 

! 30 C column oven. The column et%luent was tnoni- 
tored at 313 nm. . 

: 
PJasma .samplc Add ( f Minor Hup-A 100 yL 

to plasma 2 mL, add Na~COdWKO~ butler I mL 
(using NaOH 1 mol L-’ to adju% pH to 11. 91. Then 
add chlorol’brm 7.5 mLs shake 2 min, and centrifuge 
at 1OOOXg for IO min. The organic phase was blown 
to dryness by zUz at 40 c. Dissolve the residue with 
HPLC mobile phssc 50 pL, and 20 FL ws tpplicd to 
HPLC. Hup-A peak and < -fs Idinot Hup-A peak 
were separated clearly. The rctcntion times (Rt) ol’ 
(f bdinor Nup-A and Hup-A were 3.5 and 8.3 min. 
rcspectivcly (Pig 1). 

I 

- 

Fig 1. Chramatogram of blank plasma spiked with 
internal standard (perk 1, retention time 3. 5 min ) 
and Hup-A (peak 2, retention the 8.3 minh 

2 

~~~~~~~ CW~X %a :hc plasila c~~ti;:ing <h)- 
dinor Hup-A add Hup-A 2.20. 4.43, 7.08, 8.85, and 
17.70 pg L”, according to the ratio d Hup-A peak 
ama to ( f hdiaor i&p-A peak area io HPLG a linear 

equation ? - 0. 0188X - O.OO69 was obtained (r * 
0.9988). The mhi.mal detect limit of plasma Hup-A 

w&9 1.60 pg L”. Tbc rcwvcry of Hup-A was 95. 7 
f 5. 5 % <n = 9 1 and coeffZcnt of variation WQS 
6.4 %. According to measurements of 3 standard 
plasma Hup-A concentrations. intraday and inttrday 
variances wcrc 5.5 x-7.4 % (n-9) and 6.0 %- 

9. 9 % (n- 91, nqectively. 

RESULTS 

:i 
The plasma concentrations of Hup-A af- .ti 

is 

ter oral administration of 0. 99 mg within 10 h * 
?p 

were fitted well to a one-compartment open 
model with a first-order absorption (Fig 2). 

II 
0 1 2 3 4 5 6 7 (I 3 l-0 

Time/h 

Fig 2. Mean plasma concentration-time curve after 
pa tablet Http-A 0.99 mg in 6 adults. 

Hup-A wus absorbed quickly after po 
with T+r, = 12. 6 min and time peak for plasma 

averaged 79. 6 min. It indicated that Hup-A 

was released and absorbed quite well In tiw. 
Plasma mean peak concentration after p0 was 
8.4 pg L-’ , VI/F was 0. IO8 L kg-‘, indicat- 
ing that Hup-A was widely distributed in 

viva. Mcnn elimination half lift T+.was 
288.5 min. suggesting that Hup-A have a 
mild elimination rate (Tab 1). 

DISCUSSION 

Hup-A showea some advantages, com- 
pared with the first generation of ChE in- 
hibitors such as physostigminc (Phy 1 and 
tttrahydroaminoacridine (THA 1 v LDw value 

in mice for &p-A ip ,was 1.8 mg kg-’ and 

. 
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Tab 1. Pharmacokfoetic parameters of Hup-A after 
po tablet 0.99 tug in 6 healthy volunteers. ffr. 

Psramctor 

K. mitt” 0.061f 0.017 

?jK, 

mia” 0. 0025 f 0.0006 

min 13f5 
TjK, mill !28a*t63 

2 
ruin 80f9 

CB L" a. 4fO. 9 

Tb min 25. 4fl. 8 
vc/F L kg-’ 0.108 f 0. 008 

AUC mg L” min 4. lfl. 2 

that for Phy was 0. 6 mg kg-““‘. Hup-A at 
optimal doses has a long term inhibition of 
AChE in rat braintup to 360 min) and only 60 
mi u for Phy”‘. The results of this paper 
showed that in human being T& of I-lup-A 
was 288. 5 min. However, for bhy the T+, 

was 20 min”‘, Hup-A was absorbed rapidly, 
distributed widely in the body and eliminated 
at a middle rate”‘. Therefore it is better to 
take tablet Hup-A orally 2-3 times a day. 

As a new ChE inhibitor, Hup-A shows 
some interesting cholinomimetic properties 
and its effects satisfy more closely established 
criteria for therapeutic use than effects of pre- 
viously tested compounds. Http-A is a new 
promising ChE inhibitor. 
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ACUTE m CHRONIC. STUDIES 
ANTICHOLIXESI-EISE HUPERZWE A: EFFECT ON 

CENTRAL NERVOUS SYSTEM CHOLl’SERGIC 

Tbc new cboliacsx~ (AChE) inhibitor Hupcrdne 
-4 (I?* I) is an alkaloid extracted Cmm a fqcopediwn 
found in China. It was reported to un~ti0.m~ leam- 
ing and manory retention in rodam (Ls shau and 
Tang. 1988; Tang. IIan. Ken and au. 1916; Lbu 
and Tang. 1988). Moreover. improvements in mem- 
my, luting for scvd heurs a&r a sin& iauurrur- 
alar ‘mjeeciou. we reported in patients 8Ractcd by 
impairment of facuwq or AkbeinWS dkaS (AI?] 
ca=nh l9W. 

Recently, tbr acute action of Hupvdnc A wu 
inwdpled In the CNS of tlte ralt by Tang, De Sama. 
Supya and GacoMrti (1989). who sbowd a sus- 
t&cd ‘u#0sc in levels at ac&bolittc (ACb) in 
btia of se-c&al houn dwatian. At the doses used, 
the inhibition of chdiaacaaso lasted three times 
h&a than ridi physosti~ac as wdl as producing 
6@kusdy her side elects than physasdgmk or 
cculbydmami~auidinc 3 f%Pl~ et OL i989). 

HO-. the cllia of Xupuriaa A: on other 
Edna Qoliaagic panmeters. such as the high 
+Koicy cmnspan of choline and activity ol’ choline 
~YMud8mse (ChAT) uu not wased in &o. 
bkkr was it dctedued if Hupcninc A would be 
an *Kmi~ cholincrgic moduiator during chronic 

treatment. Hvr. it is ccporwci that the inhibitory 
aecian o( Hupeniue A on ACM in eiua wu elkuivt 
at smaller doses than previously ceponed and. more- 
over. it penisted after chronic traatmen~ In aJl aras 
of the brain, Hupr;iae A etso produced a uaasicor 
inhibition of the high al?inity lmnspart of Mine iri 
the hipptlaalpw. 

MmllOW 

tvkde SprJp+Dawky r&s (Ztic lvfilif2.r &born- 
tories. Allison park. Pennsylvania) wcrr used. At the 
time 0r th. a;paimcn~ ak =U ti+d -27s 

and 3SO’g. For tl& duration of the expcrimat~ ?he . 
nU were housed bx gtnups of 2 on a Wu light-dark 
cyck. Pvvd and mtcr vrq~ available ad li6itum. 

R~inislmri~ of Ih$ciae A 
Huperdnc A Md the reference inhibitor 01 X%E 

phy%Mfmine &kylale Vnrc SahMiied i n l&IC 
and injected iatquitonuliy (i.p.). The chronic 
ueetment cvnsdsted d 9 injections. over a period or 
* days (twice a day. hence). Tbc 9th and last injection 
WZS administered 45 min prior to sXrilkr. 

. 

. . 

. 
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fSg. I. Mokdar tepwaudoa of Huptdm A. 

Ahtr dcwpiudau, rhc bais was quickfy mnaued 
and the various regions of the brsin studied m 
ditrcndlkearihbcmisphur;oIiachilIed~ 
phtc aciardiag cn Glawiuski and Ivases (1966). 

Dhsoxd aras OC &a bmin wax homogenized in 
19 volumes of sodium phospkre bydtcr (7SmM. 

.pH 7.4, 4w a n d ths holnp#eaW Wu frO= aC 
-WC, uaiif snbscquent analysis of VC. Afler 
rhtdag. homogenate (IO PI, 6 Al& protein per ml) 
urn added in dupliatc to 10 ~1 OC buffer-substrate 
mixture (McCauua rod Kbnc. I%$ Spyku. Gold- 
kq and Spa&r. 1972) compcidn~ sodium phos- 
phate. 7S mM (pK 7.4): @f&l. 600 mM: Md&. 
4 raii: physoti~iae. 2.0 mM: bovine serum albu- 
min. 0.01%: choline (Ch) iodide. IO aa&4 aad 
[‘EqaexyklmqLne A. 0.57 mM. Alter 30 mill of 

, incubation a& VC, the tubes wc~r placed on ice and 
I SO PI of J-hepunonc, containing IS m&d sodium 
rc(rrpheuylbomn, woe added to ach Nk to Quaa 
rhcACbQonuwa.1969). Afucwnexinc.rk 
samples W ccntifuscd and a IW #I diquot of the 
lop (organic) layer wu assayed for nb’aacduiy. 
uricg liquid olfncilladaa tpccuoraeuy. 

A efbirl, of aeecpkhaliwtu~e (A Ch&) 
Dissaxducuofthebrrinwarchomogcnizcdin 

I9 volumes OT sodium phosphate buRti (7s mM. 
pH 7.4, 4%) rod the homogcnatc was frozea at 
-7O’C ulatif sLlbscquea1 analysis of enzyme. ArLcz 
chawhl~ Lilt2 v WrL6ml;po*pcrd 
wu added in dupliatc to *OrI of b\JrclrubrUrrC 
mizturc, rhtch contained: sodium phosphate 
(75 uaM. pK 7.0. CC) aad [‘WCb iodide (10 a\M). 
Akr2Omia of iacubatioo SC 17% the tuba wrcrc 
placed on ice sod 150 61 of sodium larrPb@- 
barou/3-hcpUixm4 were added to ach tube to KpW- 
au AC% lmm rhc scctatc (Foemum, 1969). Tbc 
sampler me v~ncred. an&t&d and placed at 
-70% UatiJ &a bottom (aqueour)Jayer was rrorrrr: 
the top (organic) layer w &en rrmO*cd by Upi&- 
tiaa. Subsequently, the aqueous hp- was -Wed 
and a ZSrl aliquot was assayed for rrdiodvitY, 

using liquid scintilIatioa rpecu~rac~y. 

High a#inity mwpw of choline 

Dissected xraas of the brain were homogenized in 
19 volumes of sucrosa (0.32 M. 4-c) and ccntrifu@ 

! 



CYS choiinayc respon..s IO Hupwne A 76s 

tbe tnbibition of AC’ISE w wtly rwcrsed by 
W ruin after rhe injection in aUregions ofthc b&l 

-sluditd 
5y coap‘ddson. a siugle i.t#ctioa Oc phpSd* 

(as the tdiqdrre, 0.3 a&kg Lp.) e&at ill a mare 
pmfound reduction in activity of AChE than char 
seea with Hupedw A (Fit 3% ruqing f-car 30 co 
SOYI in ftkcul cOftC& septw. bippOampUr alld 
sttiaamt at IS rnin tftcr the -mj=tjaa (t’esulu not 
show). However. rhc acrivi~ of ACE bad fcvcrtcd 
to COIWOI levels by M &I after ht&CdOll of 
phylcmigmiot. 

Al Jhm in Fig. 5. a sii irjcctioo of Hupcncinc 
.4 +hccd a tmnsibtt inhibition Or l&c bigb .dbity 
.crzaspon or choline in hipPaumpd synapcosomu. 
Tbc transport titity was sifniliakIy (P < 0.01) 
m&cod et 4S min. U the dose of 0.5 m#kS (i-p.). 
w,hcwU them wr+z essentially 110 dcotr at 0.1 mJkr 
{da= (MC sba@W. By 9c1 min. the transport had 
recurned 10 control wha. Nigh atWry WaspOK 0C 
choline in the nri;mrm UUI messuted in prnllal in the 
same ;roirdS at 4 and 90 atia &cC tltc injection. The 
data in Fig. 3 &LOW dady tbar 1~) inhibition or the 
uptake of chdinc took place at 0.J mt(Lg (i.p.1, or l r 
0.1 m8Pg Q.p.1 (dim aab zhaw). 

The high rffnity -pOII of choline was also 

IS min. thi maapart uma reduced sigui&&jly 
in hippocynpur and pvieul COCIU by 34% ‘and 
37%. lupetivdy. but aal in the strialum (ilsulu’ 
not rho*nl. By 30 m@ after tie injectk the inhi- 
bition pqistcd sign+ndy in the con? sod hip+ 
aqtitk 

The data in Fig6 r and 5 relili to % Fnic 
vtrwwni (hi& a day Cdr 4.5 days) *$b Wupdino 
A on rtii same psrzzi which weee ‘*u&d 
acuteiy. As shown in F$. 4. clae reduction in rcrivity 
of AChE III rhc oriiaus 4ott.s d the brain. OI the 
dose of Or1 mJlq tLp4, did not rue& signil[erncc 

t6awevor. at 0.S mJkg. *tbo resolts sltawd rtrrt ac- 
tivity br AChE was si?n;liaacty roduccd by ‘#-30%. 
in every rc$on or t&c hia studied. 

The high tinicy tranqort aC choline was similarly 
hfluenced by chronic MWIUIC with Hue & as 
is shown in Fig. J. The slight reduction in Wpon .~ assessedin tious@anrof tkbninolnu 

injected vi& physaari$miw (03 rag/kg ip.). At 
or choline in rhc bippaumpur was not signiICunt aC 



. 
0. I m~;kg. However. at 0.5 m@g. high ririnity vsru- 
POK of choline ” rcductd by 28% (P <O.Ol). 
l S mia after the hst mjeetian of Huparinc A ap- 
pm~imitdy CC the same extent ES in the wuw 
coniInls included in this aperimu. The high aRnicy 
MlupOK of choline in strirtal syaapCOW~ (Fig. 3, 
WBS not ti~anced by chronic PCI@WIXI wi& Hu- 
pcrriw A. OI either dose. The activity of WT uu 
not 8Ektcd h r&a in the hipposmpcu, rrriuua 
COI%CX and rcptum a& chronic ~ZUUL~C with 
Hupc=iw A (0.1 or 0.5 q/kg i.p.) (rrrUrrr aaQt 
shown). 

Huperbac A-induced inhibition of the high rlhricy 
mnxpacc of choIine wu fur&r ~vestiguad in aMa. 
Wippaumpd lyarpcoaau were iaarb8ted widt 
Hupvdne A, SC c~aac~l~lti~tu tanging iiom 10” M 
IQ 10&M. for pctioda of S, IS and. 4 &i. No 
cmsis~ent dkcc of the inhibitor of chatioataase aa 
high rdhig UWU$OK of choline could k dccecred in 
uiftu. 

OfSCUSSTOc( 

Frqm cbe prcscnt data it is dear that Kupcrdrrc 
A-induced inhibition of MhE activity was as palate 
afur chronic ns it wns dter aeurc tmatment m 
rcJulu indicate that minimal tolerance ta the drug 
ormnred. tkir is icnparuar. sines it is WJI eiubhhcd 
tbt toknocx develops co many of the ~TCCU of 
PhYsorriqnittc (Costa. Schwab and Murphy. WaZ 
Gcnoverc. Etsmore and King. 1988). It has also ka 
shown that the response to Various inhibitors of 
AchE vuicr considerably after R ~ooad injection 
(360 da). tspccirdly in the cut of twA (HaltaL and 
Giacobini. 1919). 

ln thdr meant study with Huperziac A. Tang l t al. 
(1989) ~4 dose of I q/kg (La). with maximum 
inhibition of AChE occming a 6Q min and rrponod 
side ~Rus, such as* Cascicuhtioas. inhibition of 
AChE,W ha studied at 30 rnia t&g smaller dora 
(ranging from 0.1 to 2 m&g 1.p.) and murttnUm 
inhibition of AChE with minimal side sects oe- 
cutred bewcen Q.SQ and 1 m&g (i-p.1 Crag et d.. 
1989). In the Pracat study, using two small doss 
of Hqwdae A. admiairrusd IattaPesQ~a~UY, at 
45 min. it wu observed that inhiiirioo OC ACbE was 
not my dfcctivc a; 0.1 m&kg (i.p.b Xo*Ecva. 
atcbaugt~ inhibition of AChE attatad YO-SO% with 
PhYsosripnlne (0.B mg/lcg Lp.). as compared to 
IS-ZS% with Hupcrdae A (05 m& i-p.) in VuiW 
regions of the brain, it was obsnred that the ddon 
of inhibition of ACE was longer than *IhU with 
PhYsostigmine.’ These results agree with P&m 
findings (Tang l f eL. 1989). Furthemor~ at the 
small dose of 0.5 uq& (i.p.). no mortality or 
any side dkus were observed. even a&c C~C&C 
treatment. 

The action of Wupcrdnc A on chc activity Of ChAT 
was dso investi~ted in ufw. Acucc or chmnic Crcat- 

~0~ inrpo&t dfeaor of ateubo~ of ACb 
b w hi8 -Y VC% of choline m toas). 
-gtothcprourJrKndi~rcworchmnIG 
acbatakendan d Wupd~ A was a poMC inhibitor 
d hlgh -KY VK of choline ti t& hi,ppo- 
CMpu in oioo. Phprt$~fle (Ad Simon md 
Icuhr. Ipfk Sherman and M~xnore. 1988) and 
m (Sherman and bf~orc 1988’) M also 
found to baw a similar &ecc on cmuparc of C&&W 
in !&a. However. in those. stud& large dosu of 
inhiitocr of ACM. often lctompaaicd by to& 
clrlccu. Warr, used. AmAs et al. (19?9 Uy shared 
CbaC df~gh ~~dng the curnovcr Of Ach in Otw 
inttucaod the high aRiaicy tlplll~oc~ of choline. 
wcadin&. For imtance. physmigmiae was shown 
caoreducctunMvcr0rAch(kdau.~~sda- 
and Ntm,197~:T~buaki,Ctaescy.H4~and 
COW. 1975) and ousu&k agonists. which incrruc 
turnover of ACh. itu?a%d high aRkicy crYupon of 
choUne (Atweb er & t9‘rT). IIK elfa of inhiiition 
of AChE on uptake of choline is bcfimd to be 
mediated through a reguWoq prr-s~aapcic =a~~ 
ofat~8lRnicyrrrarpanofchoifnoin~Nc~’ 
Ihc~‘urcontent dAthfoUavio~bhibidoa 

Or ata%~ (YuaamUnr and $a~& 1973; JooS 
19TO;Tamaa n d Rabuu, 19sa; BW l d 
Icnippr. 1990). - prcoeru 6ts NPVfl this 
oontuuioa, aits the efkct of HH A - 
completely revasibk with time (fig. 4 and aoL 
mcdkccd duo* a direct iarewdoa with rbe y 
potsa (nsutu WC shown). Phyrort@- do * 
ma1 shf?w u/y dtcca drca &I uiuu on ryarp- 
In bnin (Yammum and Snyder. lmb a~aw W 
wasdgmlw (aamaw end Snyder. 197x ‘stm-9 
Miccag, and K&r. lots). Tttuc rauIu ‘+= be 
inhibition of A= my ia- t& s& &k-se; 
U’UUPOR of choline through a feed--W wW 
ktiaa, rather than by o~eratig MY 011 che 
-=I=-* 

HaRalc and Giacobini (1987) brve brPaw 
that in eiuo trcacrntll~ with an inhibitor of AaE 
“whkb would not decrease eJrnwer a$ ~a& - 
maintain long-lasting kvclr of the UCUm~tm 



in rhe b&n”. Such may indrd bc tbc USC drb 
- Hupednc A. .Uhough cb< prcrcnt raulta could be 

inrcrpted as an indiadun :kt HupcrhuA opcnrer 
in the C?JS rcordiag to the same mechanisms as 
cwse puswIakl fW phpatigminc. only the spcc%c 
Cc;cmifUcion of the WaOW of AC3 win make the 
iuua. 

.+a&~ k!i~~t of lhir study rhsc remains CO be 
rddmscd is yhy the hip rdtnity VrarporC of choline. 
m n01 de=mred in tke tiuum. &spits a pouac 
ducdoa in ho aaiuiq of AChE by bolh Hupadae 
.& yuf Qh~S&tliM ill ihir lE#J6 of&G brain. m 
spimm.~ cuauint the WM c66cetarwdua of ACb 
ia cbc brain (SC&Y. K~rb Kuhar a~$ VIII ‘WCCX 
1913). Fk~Thdca inhihik of A- my 001 be 
acowproird by 8 dgn.iEaat dnrrioo of Acb h 
xi&~tum flatas et of.. R989). DC sun4. Fampord. 
Circobiai. Tyll ti wiltirmr (198s) be alsa 
ahova chat. afkcrbajadon ofrlonpbxtiag daivrliw 
of phyxoac+tin6. incrua in kvdr of ACb sboucd 
awrkd qiod diK- Moreover. it by been 
apprecfated far sOme time t&u rcgiooal variations 
exist among be dciu of drugs on the high a&icy 

mnxporr of chatinc [Jopc. 19Y9) and &at the urir- 
.gm oken differs from Orhcr arqs of cbe brain ia iu 
c~oiin6qiC responses to pkumtcotO~* dklknp 
(Wake and Oe~rbu 1979; Shcrarur. twoad and 
E+lin. 1979). 

. _ In conclusica it has km danonsrntcd Jut low- 
roxkicy dam of’ ~UpdIa A could be wed for 
setd consa~tiw dap and till ahibit iUl patency: 
hcncc. wtcrrrwr lo Hupcrdac A. if it occurred. 
uru minimal. Funhere, ac differcoca &at 
hrvo boeo shown in Inhibition of AChE induced by 
Hupc&nc A and phys@gmiac M further in& 
adons rhrc Huperrina A m a y b e mara rlliniv+ 
and lar toxic than phyr~~r$mk~~ when a long 
w inhibition of AC?G is rcquircd. e.g. in clinical 
uawunt oi di mm&sting a cbclieergie hyfw- 
function. 

A~4d$rmrrrU--nle exprn tcdaial uabuna 6r 
Bradley Coolidge rod Mkbad Muidro is my a@ 
rud. Supponrb by MU ~~lrr No. MNdTJr, aa by UCU 
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